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Abstract
The rapid proliferation of mobile devices and its wide integration into people’s daily life have enabled a wide range of applications
that beneﬁt from users’ context to deliver more personalized services. In this regard, teaching and learning systems have also
evolved, and yet, many of these approaches have migrated to the mobile world in order to improve user experience by delivering
information relevant to the individual’s context. In this paper we present a context-aware mobile language learning application,
focused on providing language support to users living in foreign countries. It suggests context-relevant vocabulary, considering
usage context attributes such as user’s gender, geolocation, and native language. The application architecture is composed by
three components which are able to dynamically acquire and analyze the usage context to provide the corresponding information
based on a domain knowledge. Our proof of concept was distributed among 27 users, and we analyzed their interactions with the
application during a period of two months. Initial results demonstrate that the 37% of the users showed strong interest to use this
kind of app, revealing a high usage potential in realistic scenarios.
c© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
AsMarkWeiser1 envisioned, embedded and mobile devices have become part of peoples’ daily life; radically inﬂu-
encing peoples’ activities and lifestyles2 by including ubiquitous access to education, entertainment, work, commerce,
etc. Moreover, the huge amount of information generated by mobile devices enables users and service providers to
dynamically take advantage of this information and to improve people’s lifestyle by implementing more and new per-
sonalized services for supporting real life activities such as mobile learning. Mobile learning applications are aimed at
providing improved and personalized learning experiences taking into consideration individuals’ mobility, needs and
characteristics. In this context, we introduce the Contextual Language Learning (CoLaLe) application, which was de-
signed to support foreign language learning for overseas students. It considers users’ communication needs at speciﬁc
locations and particularly this application aims at supporting travelers and foreign students to overcome the dreaded
language barrier when being abroad. The use case scenario focuses on Thai and German users living in Germany
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and Thailand respectively. CoLaLe suggests relevant vocabularies, phrases, and sentences that are appropriate for real
situations based on the current usage context of users. The usage context is comprised of several attributes that can
help to represent a situation, e.g. time, location, weather, among others. The proposed application implements a user
centered approach focusing on three usage context attributes: location, gender and native language. Considering the
user’s location as the center point, the application architecture can provide immediate relevant information, increasing
the overall user’s comfort, and ultimately encouraging the language learning of users.
This paper is organized as follows: Section 2 overviews the related research. In Section 3 the proposed approach
is described. The preliminary results are shown in Section 4. Finally, the discussion and conclusions are summarized
in Sections 5 and 6 respectively.
2. Related work
Many authors have explored the concept of mobile learning; in particular El-Hussein and Cronje9 deﬁned mobile
learning as every kind of learning taking place in environments involving mobility of technology, mobility of learning
and mobility of learners. Following similar directions Pachler et al. 10 emphasized not only in technological aspects
but also on users’ aspects, highlighting the importance of changing contexts and learning spaces. Authors introduce
the concept of “contextual sensitivity learning” as a learning system aware of the learners’ activities, that provides the
appropriate learning resources based on learners’ learning goals. In this regard, Wong and Looi8 demonstrated the
beneﬁts of context-based mobile learning; authors proposed an approach aim at supporting students to learn English
prepositions. In their experiment, participants used mobile devices to take photos and learn the prepositions from the
surrounding context. Their results showed that participants were able to learn new words faster, and remember new
phrases more accurately, when compared to the classroom-based approach. The next list shows related projects which
aim to take advantage from context for language learning:
• LOCH4 is an application designed to support overseas students to learn Japanese language in real-life situations,
their approach required direct interaction from students and teachers. This interaction is not needed in CoLaLe
because we show only learning content from the current usage context. One interesting feature, is that LOCH
has a client-server architecture to provide learning material to the student, we are considering this model to be
ﬂexible and to be able to provide additional material.
• CAMJAL5, a collaborative conversation learning application; collaborative learning was implemented by al-
lowing students to download and share learning materials using NFC technology. NFC tags are used as context
attributes to track users location and obtain the corresponding material. The main diﬀerence to our approach
is that authors based their solution on NFC in a controlled laboratory, and with CoLaLe we performed ﬁeld
testings with real scenarios.
• CAMCLL6 presents a context-aware location-independent learning approach to teach Chinese language; au-
thors consider time, location, activities and learning level as the main context to provide conversational level
materials. This proposal was designed to consider the learner and sentences levels as a key factor to present
suitable content to the student. In CoLaLe we do not consider these levels to be fundamental for the student,
but we will study this more. Despite being interesting and recognizing that we share common goals, the authors
just presented a model without further implementation or prototyping like CoLaLe.
• CAMLES7 focused on English as foreign language, this tool speciﬁcally support students in the TOEFL exam-
ination preparation. The application adaptation is based on users’ location, concentration, knowledge level, and
available time. In this proposal, the location is provided by the user as a user preference and is considered as
an important factor to provide adequate learning material: while at home students can have higher concentra-
tion, fewer interruptions, etc., so the system can provide them complex material. Instead, in CoLaLe the real
user location is obtained to provide the learning material according to the current points of interests near to the
student.
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3. Proposed approach
The main purpose of CoLaLe was to learn about user’s context, and provide language learning support by showing
those vocabularies, phrases, or sentences that are useful for the user’s particular context. This section ﬁrst intro-
duces the main features oﬀered by the application, followed by the description of the main architectural components.
CoLaLe was designed to adapt its application behavior with respect to several usage context attributes. So far, we
identiﬁed and modeled three features required to initiate the smart behavioral adaptation: user preferences, available
context information, and sources. The main usage context attributes integrating those features are introduced next.
1. User preferences: (i) Gender selection: it allows the user to set up his/her gender. In Thai language this attribute
is important for the correct communication, because it determines how the sentences must be spoken (e.g. some
sentences ends with a khrap or a kha). Therefore, the application considers the gender as part of the user’s
context in order to select the corresponding sentences. Note that in German language the gender attribute has
no eﬀect (in ﬁrst person phrases). (ii) Language conﬁguration: it allows the user to setup the main (default)
application language. The initial prototype implementation includes two languages: German and Thai. (iii)
Radius sensitivity conﬁguration: it allows the user to specify the surrounding area to be covered by the application
given a particular location. This area will be used to ﬁlter the nearby places and detect relevant knowledge
associated to them. It is possible to conﬁgure a radius from 50 to 1,000 meters from user’s location.
2. Available context information: (i) GPS coordinates: corresponds to the current user position denoted by its
latitude and longitude. (ii) Domain knowledge ﬁltering: it suggests the most relevant word lists based on users
current location. (iii) OpenStreetMap ﬁltering: provides the interesting nearby point of interests (POIs) according
to a domain mapping pre-established in the application.
3. Sources: (i) Users: provides the application preferences. (ii) Mobile sensors: provides raw data from the internal
GPS. And, (iii) OpenStreetMap: provides the set of nearby points of interests according to the current position
of the user.
The proposed architecture consists of a set of components which are able to detect the changing context and adapt
the way the application behaves. The main components and their interconnections are shown in Figure 1. While the
main attributes are obtained from user’s preferences, and interactions, our architecture also beneﬁts from open data
retrieved from OpenStreetMaps (OSM), concretely from the XAPI Service (OSM extended API) in the form of points
of interest (POIs) that are then mapped to the established domain knowledge categories. The domain of knowledge is
provided in XML format and referenced every time the user wants to learn/practice the corresponding language. We
integrated the Flurry analytics toola to instrument the application and get useful usage data in order to be able to learn
from users’ interactions. Attributes such as, gender, and native language are sent to an external server and used only
to detect user’s interests and analyze how the application is behaving. To protect personal information of individuals,
we did not store location information on the server side.
Domain knowledge manager: the purpose of this component is to determine which information is important to
the context of the user. It consists of two components: a domain knowledge database, and a knowledge manager.
1. Domain knowledge database: it consist of a word lists catalog, phonetics and audios. We have identiﬁed twelve
vocabulary categories; three that are not associated to user’s location or speciﬁc places (useful for every situation),
namely: Basics, Welcome and General; and nine location-based categories: Hotel, Travel, Restaurant, Cinema,
Money, Hospital, Post oﬃce, Car, Market. Initial categories were selected based on the OSM map features; we
ﬁlter out those categories that were not relevant for the context of the application, and to simplify the approach we
adapted the selected features and merged some of them into newly deﬁned categories (e.g., OSM map features
Amenity/ATM and Amenity/Bank were included into the category Money). Worth to mention that we only
provide this set of categories because a lot of eﬀort was needed to prepare the learning material, we are planning
to add more categories in future releases and make the application more complete.
a https://developer.yahoo.com/analytics/
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Fig. 1. Proposed approach architecture components
2. Knowledge manager: is in charge of classifying, ﬁltering and matching information into diﬀerent domains. This
component, implements the mechanism that maps the relationship between the OSM features and CoLaLe’s
categories; ﬁltering out and merging the corresponding POIs. Moreover, it loads the corresponding learning
material from the domain knowledge considering the user’s gender. Finally, the component assumes that users
do not need to use all location-based categories in every location and/or situation; therefore, it only shows those
that correspond to the ﬁltered list of POIs.
Context sensing component: the task of this component is to get the user’s context information based on the con-
ﬁguration of user preferences and current location. The location data consists of GPS coordinates, which are obtained
from the GPS sensor of the mobile. User preferences consist of radius, gender, and language, which, are retrieved
from the application settings. Retrieved information is then sent to the context manager component. Note that when a
context change is detected (e.g., new location), the context sensing component notiﬁes the context manager about the
new event, to enable a proper management of user’s context.
Context manager component: the purpose of this component is to determine the degree of relevance of infor-
mation matching the user’s context. We modeled a rule-based engine to match the usage context information to the
corresponding language sentences. To achieve this, it ﬁrst requests the current user’s context from the context sensing
component (i.e., the latest GPS coordinates, selected radius, language and gender). From the obtained GPS coordi-
nates and radius, it calculates a bounding box area and requests the corresponding set of points of interests to the
Xapi service. Then, it forwards the service response and the rest of parameters to the domain knowledge manager,
who requests the knowledge matching user’s location-based POIs. Once the whole information is gathered, we use
a rule-based engine to match the usage context with the corresponding language sentences. The matching algorithm,
which is implemented by the domain knowledge manager; matches the relationship of local categories with those
received from OSM features, and deﬁnes a ﬁnal set of POIs. Based on the ﬁnal set of POIs the matcher selects the
associated knowledge, and sends them to the context manager component. Finally, the context manager sorts the
received information according to the degree of relevance, and delivers it to the user interface, formatted and ordered
by distance and categorized in correspondence to the relevant POIs.
4. Preliminary results
The initial prototype was implemented for Android users using the Phonegap framework (HTML5 + CSS3 +
Javascript); we integrated the Flurry analytics library in order to obtain information from users’ interactions and
application’s behavior. The application was distributed via a social network page created speciﬁcally to contact users
in Germany and Thailand with a focus on students interested in exchange programs between these two countries.
We directed functional tests to collect qualitative feedback from users. These tests can be used to illustrate the
advantages and disadvantages of the CoLaLe app. Four steps were considered for the tests methodology: (i) Watching
an instruction video to get basic information (in German and Thai) about the CoLaLe application. (ii) Installation of
CoLaLe application on users’ mobile devices (only for Android users). (iii) Completion of four deﬁned tasks. (iv)
Sending the feedback and comments about the task’s completion. After installation, users have to ﬁnish the following
tasks:
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1. Look at the categories being suggested to you. Do they accurately reﬂect the types of vocabulary you will need
at the locations nearest you?
2. You are walking along the street when you notice someone slip and fall. You want to ask them “Are you in pain?”
What steps did you take to get to that phrase?
3. Go to setup and switch oﬀ location-based ﬁltering. Use the app in diﬀerent places. Then switch it back on and
use the app again. Do you understand what’s happening? Do you like this functionality?
4. Discuss any areas where you encountered an error message from the app.
We performed these tests with a set of ﬁve users (3 Thai and 2 Germans) with the following results: Task one:
users could use the CoLaLe app to ﬁnd the relevant vocabularies categories. Task two: every user selected the option
“All lists” from the General menu to ﬁnd the question “Are you OK?” in the hospital category. Task three: the
users reported that after switching oﬀ location-based ﬁltering and switching it on again, the suggested vocabularies,
categories and the notiﬁcation to a location used for ﬁltering changed. They liked the location-based ﬁltering function
and think that this function is very helpful, especially when they are in a foreign country. Task four: the users never
received an error message or notiﬁcation from the CoLaLe app. Moreover, the following list summarizes the most
important suggestions made by users:
1. The default language: When the sample ﬁrst downloaded the app, the default language is in German. Therefore,
it is rather hard for Thai users to ﬁnd the settings page and change the language.
2. All of the design is in grayscale, composed of white, gray and black color. Using color to help group all of the
vocabulary lists, places, and tab bar in the app could make it easier to use.
3. Using symbols could help to represent each category of the wordlist. For example, using a car picture to represent
the Auto category or use a plate with fork and spoon to represent the Restaurant category.
4. The name of the point of interest was shown only as a name, without its category. Users who never visit that area
will not know what the point of interest is. For example, “Zimt und Koriander” is a Restaurant.
5. Suggestion for future application: To make it easier to use, the application could provide a scenario to the users.
For example, in a hospital scenario, the app could provide the scenarios before meeting the doctor, while meeting
the doctor (telling about the symptom), and after meeting the doctor (buying the drug in the pharmacy).
Finally, we conducted a ﬁeld testing in where the application was installed by 27 users, 10 from Thailand and 17
from Germany. We collected data during a period of two months (08.12.2014 – 08.02.2015); and, our preliminary
results show that from those 27 users, only 20 interacted more than once with the application and 10 users more than
10 times. From the total set of users, 73% were male and 27% female. Most sessions were generated by Thai and Ger-
man participants in Germany. We had an average of 2.9 active sessions per day with an average time of 1.1 min. per
session. Although, the most visited categories in the domain knowledge were those non-location-based (Figure 2a),
this behavior was somehow expected since those categories are shown to the user before the application adaptation.
On the other side, we can also see that from those location-based the “Restaurant” category was the most frequently
visited. Figure 2b, shows the most visited vocabulary (from a total of 13 sentences) within the Restaurant category.
The three most signiﬁcant (used) sentences were those to express hunger, ask for the menu, and pay the bill. We can
assume from this that users tried to use the application in a real context.
5. Discussion
The prototype was able to collect and analyze context information and present suggestions eﬀectively. Our initial
results show that users can beneﬁt and are willing to use this kind of tools to learn and practice a foreign language.
We performed basic usability tests and as a result we were able to identify features that were not so clear to users and
therefore must be polished, e.g., users didn’t understand why they needed to choose a default language. One of the
limitations is that we have only considered German and Thai as the baseline for the development of our approach,
and the application was distributed to a reduced number of Thai and German participants; nevertheless, we could see
that the tool was used in the intended way and that it can be useful for learning a foreign language for those traveling
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Fig. 2. Left chart represents the number of visits in each category. Right chart shows the number of visits in the Restaurant category.
abroad. By analyzing users’ interactions, we could identify the usage in real contexts, our next steps will include
analyzing more context attributes (i.e., extending the usage context range) to be able to provide ﬁne grain suggestions
on speciﬁc situations (e.g., if the user has been in a restaurant for a certain period of time, the most likely vocabulary
to use would be related to ordering a dessert or paying the bill).
6. Conclusions
The proposed approach analyzes the current usage context of users to suggest related vocabulary. Preliminary
results shows that the proposed approach improves the learning experience by considering the usage context and
allowing them to learn through their experiences, and ultimately resulting in a more eﬀective learning process. Our
work in progress demonstrated the suitability of adapting the behavior of the application according to users’ context. In
particular, we explored the use case not only from the users’ location perspective, but from other context information,
such as the personalization of the translations according to the gender which is required in the Thai language. Future
works suggests ﬁne grain context attributes collection that allows us to better detect users’ behavior and provide more
accurate suggestions. We plan to extend the domain knowledge component, in terms of dynamicity (i.e., automatically
retrieve information from other sources), allowing to seamlessly add vocabulary, categories and supported languages.
Finally, we are preparing the ﬁnal version of the application to be published on the Google Play Store.
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